Unsaturated long-chain fatty acids such as oleic, linoleic and ricinoleic acid except for elaidic acid were effective on the lipase production by Candida paralipolytica, but saturated fatty acids were not effective. When elaidic and myristic acids were dissolved in n-hexadecane to be dispersed in a liquid state, they became to be effective on the lipase production.
Several works have been reported on the lipid requirement for the production of micro bial lipases. Ota et al. ' "" reported that vegitable oils or synthetic triglycerides or bile acids were required for the production of Candida paralipolytica lipase and that fatty acids or related substances in the presence of sterol were required for Candida cylindracea lipase. Kalle et al.3' reported that Span 80 was required for Candida lipolytica lipase. Iwai et al." reported that oils or fatty acids were required for Geotrichum candidum lipase.
In the case of Geotrichum candidum, Tsuji saka et al. 5) reported that lipase was formed inducibly and the produced lipase was located around the cell wall and membrane and then it was released from the cells after a certain period from the inducible synthesis.
There have been some other reports which described the microbial cell-bound lipases, such as Candida lipolytica lipase by Kalle et al." and Zvyagintseva et al.," Saccharomyces cerevisiae lipase by Nurminen et al." Recently, the induced formation of the lipase by C. paralipolytica was investigated again and it was found that cell-bound lipase also appeared in C. paralipolytica. a) The value shows a result of 12 hr cultivition .
These findings indicate that long-chain unsaturated fatty acids were usually effective on the lipase production.
Effect of physical state of fatty acid on lipase production It is interesting that elaidic acid (trans-9-octadecenoic acid) was not effective on the lipase production, because oleic acid (cis-9-octadecenoic acid) was very effective. Under the cultivating conditions, the former was a solid and the latter was a liquid.
Then the experiments were carried out in order to know what change would happen in the effect of fatty acids on the lipase produc tion, when the fatty acids were dispersed in hydrocarbon. The typical results are shown in Table II .
Elaidic and myristic acids dissolved in nhexadecane exhibited the effects on the lipase production, though these fatty acids were not effective without n-hexadecane, as mentioned above. Lauric acid was not effective both with and without n-hexadecane. Stearic acid was hardly dissolved in n-hexadecane and was not effective on the production. From the above findings, it is suggested that long-chain fatty acids of a liquid state were effective on the lipase production.
Effect of lipase regulators on lipase production As previously reported, the lipase from the yeast was activated by lipase activators and inhibited by phospholipids.8,9) Therefore, the effects of calcium ion, lipase activator A of this yeast" and phosphatidylethanolamine on the lipase production were tested. As shown in Table III , calcium ion, lipase activator A and phosphatidylethanolamine were not effec tive on the lipase production individually. But these substances accelerated the effect of oleic acid on the lipase production, and a maximum effect was obtained when all of them were added. In all cases, most of the lipase activity was bound to the yeast cell.
Effect of sterol and surface-active substances on lipase production Table IV shows the effect of cholesterol, bile acids and some surface-active agents on the lipase production. Bile acids were good inducers of the lipase production, as previ ously reported," and in these cases free lipase increased to the similar levels as the cell-bound Tween and Span were also tested, and it was found that Tween 80, polyoxyethylenesorbitan monooleate, released the lipase formed by the effect of oleic acid, though Span 80 and 60, sorbitan monooleate and sorbitan monostea rate, did not release the lipase. Sodium oleate and sodium stearate were also effective on the lipase production.
Time course of lipase production during culti vation Figure 1 shows the time course of cellbound lipase activity during cultivation in the synthetic medium containing 10-4 M calcium chloride with and without 0.2% of oleic acid as a lipase inducer. Lipase activity was determined by two ways: (1) The tributyrin-hydrolyzing activity was present before incubation, but the olive oil hydrolyzing activity was detected only when the yeast cells were incubated with oleic acid (Fig. 2) .
DISCUSSION
Ota et al." already reported that castor oil (rich in unsaturated fatty acids) and synthetic triglyceride of unsaturated fatty acid such as triolein were effective on the lipase production by Candida paralipolytica and that free fatty acids were hardly able to induce the lipase production. But, determining the cell-bound lipase, it was found that some kinds of fatty acids were effective on the cell-bound lipase production by C. paralipolytica as in the case of Geotrichum candidum. 4, 5) The effects of unsaturation, chain-length, carboxyl group and physical state of fatty acid on the cell-bound lipase production by C. paralipolytica have been described in this paper.
Among C18-fatty acids tested, unsaturated fatty acids such as oleic, linoleic, linolenic and ricinoleic acids, except for elaidic acid, were effective on the lipase production (Table I) . This indicated that double bond of fatty acid acted an important role in the lipase produc tion, and the question remained to be solved why elaidic acid, stereoisomer of oleic acid, did not exert the effect.
Oleic acid was a liquid and elaidic acid was a solid under the cultivating conditions. Moreover, all the C18-unsaturated fatty acids being effective on the lipase production were a liquid. These informations suggest that unsaturated fatty acids were effective, because they were in a liquid state.
When elaidic acid and myristic acid, which were solid under the cultivating conditions and were hardly effective on the lipase pro duction, were dissolved in n-hexadecane to be dispersed in a liquid state, they became to be effective on the lipase production (Table II) . Therefore, the unsaturation of fatty acid is not always required, but the liquidity of fatty acid is necessary for the lipase production.
Of the saturated fatty acids tested, butyric acid (C,) and caprylic acid (C8) were not effective on the lipase production. Lauric acid (C12) did not exert the effect both in a solid state and in a liquid state in hydrocarbon. Stearic acid (C18), which was not dissolved in n-hexadecane, was ineffective. In summary, long-chain fatty acids of a liquid state (carbon number not less than 14) were effective on the lipase production. In nature, oleic, lino leic, ricinoleic or other unsaturated fatty acids must satisfy these requirements and some saturated fatty acids such as myristic acid may show the effect, only when they are dissolved in liquid fat.
n-Octadecane, l-octadecene and cis-9-octadecen-l-ol, which were all liquid and hardly miscible with water under the cultivat ing conditions, were not effective (Table I) . It is suggested that the carboxyl group of fatty acid is necessary for the lipase produc tion.
Ota et al."' reported that long-chain fatty acids dissolved in substrate and calcium ions were necessary for the activation of the C. paralipolytica lipase in the shaking system. The fatty acid being effective on the cell-bound lipase production seem to be analogous to the fatty acids being effective on the lipase activa tion in terms of chemical structure and physical state. Both were long-chain, of a liquid state, and not miscible with water. Furthermore, the lipase production induced with fatty acid was stimulated by the addition of calcium ions or lipase activator A, produced by the yeast itself. Therefore, it seems that the formation of the cell-bound lipase by the effect of fatty acid is correlated to the activation of the lipase. It is assumed that an inactive enzyme would previously be present in the yeast cell, and that its activation by fatty acids would result in an appearance of a detectable lipase activity in the cell.
The phenomenon that an ineffective substance becomes to be effective by changing its physical state, as in the case of the effect of elaidic acid on the lipase production is con sidered to belong to a category of "interfacial enzymology." Desnuelle13) first proposed "interfacial enzymology" on the problems of the substrate specificity of lipase and carboxyle sterase and on the problems of the kinetics of enzymic reaction in a heterogeneous system. Ota14,15) described in his reviews that regula tion of enzyme activity on an interface belongs to "interfacial enzymology" and that an application of the concept of "interfacial enzymology" was necessary to develope the studies of lipases.
For studying the effect of fatty acids on the lipase production, it must be desirable to apply "interfacial enzymology." Bile acids and cholesterol were also effective on the lipase production, as previously reported" (Table IV) . Bile acids, especially sodium taurocholate, were effective not only on the lipase production but also on the release of the lipase from the yeast cells, while cholesterol was not effective on the release of the cell-bound lipase. These findings are interesting, because the release of the cellbound lipase is a problem to be studied in detail in the future.
The lipase activity produced in the presence of fatty acid appeared and increased from the early growth phase and then the level decreased rapidly (Fig. 1) . These findings sug gest that the lipase is labile and/or the level of lipase is highly regulated. In these experi ment, the lipase activity of the supernatant was rarely found between 6 -48 hr cultivation, and it is not clear whether the lipase is inactivated in the cell-bound state or in a released state.
A weak constitutive lipase activity, determined using tributyrin as substrate was pro portional to the cell mass and did not decrease during cultivation. At the present time, the relationship between the two kinds of lipases is not clear.
